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Abstract.
Objective. To date, there has been little research that has comprehensively analysed dental treatment under general

anaesthesia (DGA) at Perth Children’s Hospital (PCH) for dental emergencies (dental pain and sepsis). This cross-
sectional descriptive analysis of the PCH dental department analysed the demographic of children admitted and the type of

treatment used, and assessed the cost.
Methods. This was a retrospective descriptive study analysing the dental records of patients ranging from 2 to

16 years of age at PCH inWestern Australia. Of the 310 cases randomly selected from the 2018–19 study period, 202 were
admitted for DGA. Two outcome measures were derived: cumulative count of treatment mix and cost analysis.

Results. The mean (�s.d.) age at the time of admission was 6.2 � 2.6 years and the mean (�s.d.) decayed (d/D),
missing, (m/M) and filled (f/F) teeth (dmft/DMFT) was 2.1� 0.8. Of the 429 teeth affected, 282 were molars. Treatments
were grouped therapeutically; of the 856 treatments performed, 465 were extractions (54%). The total cost, consisting of

direct and indirect costs, was A$313 823, and equated to an approximate mean (�s.d.) of A$1554 � 109 per case.
Conclusion. Untreated dental caries was themost common cause for hospital admission.Most cases presenting at the

emergency department were young children (,7 years old) who underwent extractions under DGA.

What is known about the topic? The Child Dental Benefits Schedule (CDBS) was introduced to improve access and
affordability to oral health care for children without private dental insurance. However, a significant number of children

are still being admitted to hospital for emergency dental treatment.
What does this paper add? Despite the availability of the CDBS, untreated dental caries remains one of the most
common reasons for dental emergency in the PCH.

What are the implications for practitioners? Not only are direct costs a burden on the health budget, but indirect and
intangible costs also affect children and their families.
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Introduction

Australia is geographically large, with a population of approx-
imately 25 million people. Children ,15 years of age account

for 19–20% of the total Western Australian (WA) population.1

Of all dental treatments, 85% are provided in the private sector
and paid for by insurance or out of pocket.2 However, only 50%

ofAustralians over 5 years of age have private dental insurance.3

To target children without private dental insurance, the Child
Dental Benefits Schedule (CDBS) was introduced in 2014. The

CDBS is a Commonwealth (federally) funded program that
helps improve access and affordability to oral health care for
priority (socially disadvantaged and low-income) populations.
The CDBS is provided under Australia’s universal Medicare

system, to offer subsidised dental treatment of A$1000 paid over
a 2-year period for eligible children (aged 2–17 years), who are
recipients of selected government benefit payments.4 Dental

treatments provided are limited to a range of basic dental
services, including examinations, X-rays, cleaning, fissure seal-
ing, fillings, root canal treatments and extractions.4 However,

the current utilisation of the CDBS has been low in WA, where
only 10% of those who were eligible accessed the scheme,
compared with the national rate of 30%.5

According to a previously published retrospective analysis,
210 000–280 000 WA children aged between 2 and 17 years
were eligible for the CDBS in 2014–15.6 From CDBS only 30%
of the total expenditure accounted for preventive services. One

of the reasons may be because children in WA had higher
utilisation of the School Dental Service (SDS) compared with
children in the other states. Another reason may be a lack of

promotion to increase uptake of the CDBS.7

InWA, children can attend the SDS at the commencement of
primary school, usually at the age of 5 years, and receive

intermittent dental care until the age of 16 years. This service
is available to all children attending a school recognised by the
WA Department of Education.8,9 Statistics for WA from the
National Child Oral Health Study 2012–14 concluded that

the prevalence of untreated dental decay in children aged
between 5 and 10 years was 22.4%, which was less than the
national average of 27.1%.10 Although less than the national

average, the rate of hospitalisation due to oral diseases for
children under 15 years of age was 1074 cases per 100 000
population on an annual basis.11,12 Perth Children’s Hospital

(PCH), formally Princess Margaret Hospital (PMH), is the only
tertiary children’s hospital in WA and provides comprehensive
and palliative treatment for eligible children. This is the main

centre for dental treatment under general anaesthesia (DGA) for
children, with some treatment also being performed in private
hospitals. The most common reasons for dental emergencies in
the PMH were infections and trauma.13 However, children can

receive ongoing comprehensive dental treatment if they meet
the necessary eligibility criteria outlined by the PCH.14 DGA is
an alternative and viable option for children who are unable to

cope with dental treatment being performed in the dental chair
because of age, anxiety and the severity of the dental treatments
required.15 Children below 5 years of age make up the majority

of the dental emergency presentations at the PCH (and PMH).5

It has been established that early childhood caries (ECC)
negatively affects a child’s quality of life (QoL).16 Untreated
caries is a global burden and, in the deciduous dentition, it is the

10th most prevalent condition worldwide, affecting 621 million
children in 2010.17 There has also been evidence suggesting
strong links between poor oral health, socioeconomic disadvan-

tage and rural or remote residence.18,19 In WA, it was reported
that over 40% of young children in rural and remote areas or
those living in high socioeconomic disadvantage had one or

more decayed teeth, and 19% and 15% experienced severe ECC
caries and toothache respectively.20

In WA, dental diseases are the third most common cause of

general anaesthesia (GA) given to preschool children.21 In addi-
tion, the age-standardised rate of hospital admissions requiring
GAfor treatments related to dental conditions inWAfrom2016 to
2017 was 7.5 cases per 1000, which was higher than the national

average (5.7 cases per 1000).22 ‘Direct costs’ (DC) are defined as
the opportunity costs of formal services provided by healthcare
practitioners.23 ‘Indirect costs’ (IC) may be defined as patients’

absence from school, parents’ and guardians’ absence fromwork,
loss of productivity in society, accommodation costs and trans-
portation costs.11,23 The DC of child hospitalisation for all oral-

related conditions inWA from 2000 to 2009 was A$92million.11

In addition, the IC, or cost not directly related to the treatment
involved, of children’s hospitalisation was estimated to be

approximately A$138 million in 10 years.11 However, to date,
little research has been done to comprehensively analyse dental
emergency cases treated under GA at the PCH.

The aim of the present descriptive analysis of retrospective

data (2018–19) of a random sample of PCH dental department
patients was to: (1) analyse the treatment utilisation of DGA
in children presenting with dental-related emergencies; and

(2) assess the DC and estimated IC of DGA in children presenting
with dental-related emergencies.

Methods

Subject selection and sample acquisition

This study was approved by the human research ethics com-
mittees at the University of Western Australia (Approval no.
RA/4/20/5497) and the PCH (Clinical Governance Number

32788). A retrospective descriptive study analysed dental
records of patients ranging from 2 to 16 years of age at the PCH.

From 1500 patients who attended the PCH for dental emer-

gencies over a 6-month period (October 2018–March 2019), 310
patient cases were randomly selected from the unique patient
identifying number generated by the PCHdigital dental software
database (Titanium Solutions, Auckland, New Zealand) cross-

referenced with the Qualtrics random number generator and
assignment function (Qualtrics XM, Provo, UT, USA). This was
to assess the cross-sectional nature of the emergency presenta-

tion on a sample level instead of at the population level.24 To
achieve an ideal representative sample size with a 95% confi-
dence interval (CI), a minimum of 306 responses was required

(Qualtrics XM). From the 310 cases selected, 202 (65%) were
admitted for DGA.

Clinical analysis

Patient variables collected included sex, age at the time of treat-

ment, suburb, postcode, patient finance, tooth-by-tooth dental
diagnosis presented in an odontogram as per the decayed (D),
missing (M) and filled (F) teeth index (dmft (primary dentition)/
DMFT (permanent dentition)) and treatment performed in
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accordance with the Australian Dental Association (ADA) item
codes.25 To ensure patient confidentially, patients with rare
medical conditions that could potentially be re-identified were

excluded from the study.
Children who present to the PCH normally present with high

dmft/DMFT, so the Significant Caries Index (SiC) was used to

highlight individuals with the highest caries experience.26,27

The SiC is calculated based on the mean dmft/DMFT of the
30% of children with the highest caries experience. The caries

experience was also calculated for children ,6 years of age as
well as those .7 years of age.

Outcome measure

Three outcomemeasureswere used, namely the cumulative count
of treatment mix (ADA treatment codes), cost analysis and geo-
graphic analysis. TheSocio-Economic Indexes forAreas (SEIFA)

is derived from the Australian Bureau of Statistics (ABS), which
assigns a score in different areas in Australia in accordance with
the relative associated socioeconomic advantage and disadvan-

tage. This is based on 5-yearly Census data. Different suburbs
have designated SEIFA scores, as well as Index of Relative
Socioeconomic Disadvantage (IRSD) quintiles, also provided by

the ABS.28 SEIFA IRSD quintiles range from 1 (low socioeco-
nomic status) to 5 (high socioeconomic status).

Cumulative count of treatment mix

Dental treatment in the PCH is assigned a three-digit ADA item
code25 for each dental treatment that is considered to be part of
current dental practice. The cumulative treatment count was

calculated. Treatments were itemised individually as ADA item
codes and then grouped in accordance with different therapeutic
categories listed in the Appendix of The Australian Schedule of

Dental Services and Glossary.25

DC analysis

The DC (in Australian dollars) of treatment provided during the

study periodwas calculated for eachcase, using the recommended
costings as supplied by the Department of Health.29 The DC was
itemised individually as per ADA item codes25 and grouped

according to therapeutic category, but did not include anaesthetic
agents used, cost or the services provided by the anaesthetist.

IC analysis

The information on IC for each individual was not available, but
was estimated based on previously used methodology.30 To

account for travelling days and taking time off from paid
employment to care for the child, 2.5, 3.5 and 4.5 days were
allocated for patients living in major city suburbs, regional
suburbs and remote suburbs respectively. The average cost to

the economy per day was estimated at approximately 20% of the
average weekly earnings.30 In the 12 months to May 2019, the
full-time average weekly earnings for average Australian adults

were A$1634.31 In terms of ICs, these were estimated because
the data were not available at the time of data acquisition at the
PCH. It is important to note that the national unemployment rate

was 5.3%.32 An estimated cost for transport was allocated to
each of the geographic groups (major city to remote). Travel cost
was estimated on three levels (low,medium and high) to account
for different methods of transport.30

Statistical analysis

Unless indicated otherwise, data are presented as themean� s.d.
SPSS version 25.0 (IBM Corp., Chicago, IL, USA) was used to
undertake the descriptive statistical analysis. This study com-

puted one-way analysis of variance (ANOVA) between the
independent variables. Statistical significance was set at two-
tailed P , 0.05. The linear regression was formulated using

GraphPad Prism version 8.00 for Windows (GraphPad Soft-
ware, SanDiego, CA, USA). Furthermore, Pearson’s r (range –1
to 1) and 95% CIs were generated to assess the correlation.33

Results

Demographics

Of the 202 cases admitted for DGA, 91 were males (45%) and

111 were females (55%). There was no significant difference
between the number of boys and girls. Children aged 2–5, 6–9
and 10–18 years accounted for 47% (n¼ 95), 40% (n¼ 80) and
13% (n ¼ 27) of the study cohort respective. The mean age of

children at the time of admission was 6.2� 2.9 years (Table 1).
All cases were publicly funded.

Caries experience (DMFT)

The mean d/D, m/M and f/F per patient was 2.0 � 3.8,
0.01 � 0.10 and 0.1 � 0.7 respectively. The mean dmft/DMFT
was 2.1 � 3.8. The SiC for d/D, m/M and f/F per patient was
6.5� 4.1, 0.02� 0.13 and 0.3� 1.3 respectively. The mean SiC

dmft/DMFT was 6.9 � 4.0. Of the 429 teeth affected, signifi-
cantly more teeth were affected by D (n ¼ 406) than M (n ¼ 2)
and F (n ¼ 21; P, 0.05 for both). D accounted for 95% of the

total affected teeth (d/D : dmft/DMFT ratio ¼ 0.95). However,
there was no difference between the m/M : dmft/DMFT and
f/F : dmft/DMFT ratios (P . 0.05).

Of the 429 teeth affected, 282 were posterior teeth (66%) and
147 were anterior teeth (34%; Table 2). There was a significant
difference between the number of teeth affected by D and F
(P, 0.05). However there was no significant difference

between M anterior and posterior teeth (P . 0.05). There were
no anterior teeth with fillings, and no posterior teeth missing.
There was a significant difference between anterior and poste-

rior dmft/DMFT (0.7� 1.8 vs 1.4� 2.5 respectively; P, 0.05).
There was also a significant difference between anterior and
posterior SiC dmft/DMFT (2.4� 2.6 vs 4.5� 2.7;P, 0.05). For

children ,6 years of age, the dmft/DMFT (count) for total,
anterior and posterior teeth was 324, 130 (40%) and 194 (60%)
respectively. For children .7 years of age, the dmft/DMFT

(count) for total, anterior and posterior teeth was 105, 17 (16%)
and 88 (84%) respectively.

Table 1. Sex and the mean (±s.d.) age of patients undergoing DGA

(n5 202)

No. patients (%) Age (years)

Sex

Male 91 (45) 5.9� 2.4

Female 111 (55)A 6.5� 3.2

Total 202 (100) 6.2� 2.6

AAlthough the number of female patients was greater than that of male

patients, the difference was not significant (P. 0.05).
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Treatment count and cost (direct)

Of 856 treatments performed, more than half (n ¼ 465; 54%)

were extractions. Two treatments that had more than 40 counts
were intraoral periapical or bitewing radiograph (n¼ 46; 5.4%)
and fissure and/or tooth surface sealing (n ¼ 44; 5.1%). Of the

total DC of A$120 489, the cost of extractions was A$79 538
(66%) and averaged A$171 per treatment. Treatment under
GA or sedation had a DC of A$14 357 (11.9%) and averaged

A$147 per treatment.
After the treatments were grouped, extractions and treatment

underGAhad the highest frequency (n¼ 465 and 99 respectively)
as well as the highest DC (A$79538 and A$14424 respectively;

Table 3). The clinical dental examination had the next highest
count (n¼ 78; A$8394) and restorations had the next highest DC
(n¼ 42;A$8674). Pulpotomyhad the lowest count and the lowest

DC (n ¼ 2; A$185). The mean DC for each case was A$596.

Indirect and total costs

The estimated mean low, medium and high ICs per case were

estimated to be A$882, A$1235 and A$1588 respectively. The
total IC was A$193 334 (A$957 per case). The total cost
(DC þ IC) was A$313 823 (mean A$1554 � 109 per case).

Suburb analysis

Major city suburbs accounted for 82% of the total admission
counts (n ¼ 165), inner regional suburbs accounted for 10%

(n ¼ 20), outer regional suburbs accounted for 5% (n ¼ 11),
remote suburbs accounted for 2% (n ¼ 4) and very remote
suburbs accounted for 1% (n ¼ 2). Thirty-seven of 202 cases
were residing in remote to regional WA (18%).

Socioeconomic status

According to the SEIFA IRSD quintile categories, Quintile 1
(lowest) had the highest count (n¼ 57; 28%) and quintile 4 had the

lowest count (n¼ 27; 13%). Of all cases, 69% were in the SEIFA
quintiles 1–3 (n¼ 140). Furthermore, an increase in quintile had a
non-significant inverse correlationwithDGAcase admissioncount

(slope¼ –4.50; 95% CI –19.3, 10.3; P ¼ 0.4046; r ¼ –0.488).

Discussion

This is the first study to date to analyse this range of variables
associated with cases of DGA at the PCH. Regardless of financial

status, all patients were eligible for publicly funded dental
emergency treatment. However, after the necessary treatments
and postoperative reviews were completed following emergency

DGA, patients were discharged for follow-up and definitive
treatment from external service providers, such as private dental
clinicians.34 Most cases presenting at the PCH in this study were

females (55%), which contradicts previously published find-
ings.12,35–38Of the emergency cases presenting at the PCH, 10had
pre-existing medical conditions and were eligible for ongoing
care.34 The rationale for this eligibility is that children who were

medically compromised are more susceptible to developing fatal
systemic complications as a result of untreated dental infections.39

Themean DMFTwas 2.1� 3.8 (and the SiC dmft/DMFTwas

6.9� 4.0), based on patients with a mean age of 6.2� 2.9 years.
This DMFT is higher than the mean DMFT inWA children aged
5–10 years (DMFT ¼ 1.4).22 Dental caries in the present study

accounted for 94.6% of the total affected teeth; this is higher than
in previous studies,11,35–38,40 where dental caries was the primary
indication for oral health-related hospital admission in preschool

and primary school children.11,37 It is important to note that the
majority (87%) of the children admitted to the PCH were
,10 years of age and 36% of the total teeth affected by caries
were the anterior teeth. Therefore, it is highly likely that the

problem leading to admission had started well before the school
years. As a result, the CDBS (although it covers children from
2 years of age) and SDS would not have had the opportunity to

address the issues (i.e. ECC), which may start before 2 years of
age. Thismaybe amajor contributing factor to the high number of
posterior teeth affected by caries (64%).

Upon stratification, for children .7 years old, there was a
higher number of dmft/DMFT (count) in the posterior compared
with anterior teeth and a high likelihood of molar–incisor
hypomineralisation (MIH) in those patients. MIH may affect

Table 2. Count and caries experience categorised to anterior and

posterior teeth of patients undergoing DGA (n5 202)

A, anterior; D, decay; M, missing; F, filling; P, posterior; T, teeth;

SiC, Significant Caries Index

d/D m/M f/F dmft/DMFT

(count)

Mean (�s.d.)

dmft/DMFT

A 145 2B 0 147 0.7� 1.8

P 261A 0 21C 282 1.4� 2.5G

Total 406 2 21 429 2.1� 3.8

SiC A 143 1E 0 144 2.4� 2.6

SiC P 255D 0 20F 275 4.5� 2.7H

SiC total 398 1 20 419 6.9� 4.0

Age (years)

,6 311 2 11 324 2.6� 4.2

A 128 2 0 130 (40%) 1.0� 2.2

P 183 0 11 194 (60%) 1.6� 2.6

.7 95 0 10 105 1.4� 2.9

A 17 0 0 17 (16%) 0.2� 0.8

P 78 0 10 88 (84%) 1.1� 2.4

AP D.A D (P¼ 0.05).
BA M.P M (P. 0.05).
CP F.A F (P, 0.05).
DSiC P D.SiC A D (P¼ 0.05).
ESiC A M.SiC P M (P. 0.05).
FSiC P F.SiC A F (P, 0.05).
GP DMFT.A DMFT (P, 0.05).
HSiC P DMFT.SiC A DMFT (P, 0.05).

Table 3. Count and DC of grouped procedures of cases under-

going DGA (n5 202)

Treatment type Count DC (A$)

Examinations 78 8394

Radiographs 84 5002

Photographs 18 614

Preventative 65 3248

Extractions 465 79 538

Oral surgery 3 410

Pulpotomy 2 185

Restorations 42 8674

Treatment under general anaesthesia 99 14 424
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one in five Australian children41 or one in six children glob-
ally.42 MIH can affect the first permanent molars that erupt at
,6 years of age, and a significant association between MIH and

dental caries has been reported.43 A positive relationship
between the extent of hypomineralised second primary molars
and carious lesion severity has also been reported.44

Of the 310 cases collected, 202 underwentDGA (65%). This is
consistent with previous findings, where 66% of patients pre-
sented with dental infections and underwent DGA.13 The pre-

dominant procedure performed under DGA was tooth extraction,
accounting for 54% of total treatments. In addition, extractions
had the highest DC (66% of the total DC). For Australian children
undergoing DGA from 1993 to 2004, there was a 4.9-fold rise in

extractions.45 Cost-wise, restorations had the third-highest DC
(7.2%). However, restorations and endodontic treatment could
potentially minimise space loss that may result from early

extraction of deciduous molar teeth.46 For Australian children
undergoing DGA from 1993 to 2004, there was a 3.3-fold rise in
restorations.45 In the present study, there were two teeth (0.2% of

total treatments) that underwent a pulpotomy and a stainless steel
crown due to extensive caries.47 Premature space loss due to
untreated dental caries can negatively affect QoL because it can

impact overall function and emotional well being, as well as
giving rise to detrimental oral symptoms.48

DGA services can be resource intensive, both to the taxpayer
and/or to the parents/guardians of the child undergoing the

procedure.45 Of the 202 cases in the PCH, total associated DCs
were calculated to beA$120 490, orA$596 per case.According to
the National Independent Hospital Pricing Authority, the mean

DC of the common DGA (comprehensive treatment including
extractions and restorative work) was A$3029 in 2012–13.49 Our
findings are below the average cost. This may be due to the

primary focus of this study being on children presenting with
dental emergencies who received emergency treatment only.
Comprehensive care was not provided but anticipated for com-
pletion and on-going care by the on-referral practitioner.

Of the 202 cases, 37 resided in regional to remote WA.
People living in regional to remote areas will have increased ICs
because of travelling further to reach the PCH, which is located

5 km from themain city centre of Perth (WA). Parents/guardians
may be financially affected as a result of their child being
admitted to hospital, including loss of work time and earnings,

and the costs of accommodation and travel.45 The total IC in this
study was A$193 334 (mean A$957 per case). Based on previ-
ously published data, the ICs in the present study were initially

proposed to be 1.5-fold those of DCs.50 However, the present
study showed that the IC was 1.6-fold those of DC which is
higher than the previously published data.50

There was no significant association between socioeconomic

area-based background and DGA admissions. In contrast with
previously published studies, possession of dental insurancewas
dependent on SES, remoteness and Indigenous status.51 This

indicates that patients requiring similar services would likely
have higherDCs and ICs as a result of potential increased out-of-
pocket costs. However, in this study there were higher numbers

of children living in the major city areas with ease of access to
the PCH. Other published studies indicated that children resid-
ing in remote to regional areas were at an increased risk of
hospital admissions.11,35–38,40 It is possible that, in the present

study, children residing in remote and regionals areas were
either untreated or potentially palliatively managed (e.g. anti-
biotic therapy and analgesics) without surgical intervention.

There are several limitations to the present study. Data were
limited to the most current as at the time of study. The cases
presented were only those related to pain and sepsis. This study

did not consider the DCs of hospital admissions and anaesthetics
administered by the anaesthetist, because the data were not
available, but this could provide an avenue for a future studies.

Admission toa tertiaryhospital canbe seenas an indicator for a
deficiency in the healthcare system. It is important to highlight the
association between avoidable hospitalisation and primary health
care.52 The results in this study highlight the high costs associated

with DGA at a publicly funded tertiary centre and the need for a
stronger focus on preventive dental care for children to decrease
the prevalence and incidence of dental infections.13 One way to

achieve this could be to reintroduce family-friendly public service
announcements emphasising the importance of brushing.53 In
addition, it may be recommended for clinicians to raise parents’

awareness of the negative effects of ECCs and to emphasise the
availability of the CDBS, which may be accessed from the age of
2 years for early detection and prevention. By minimising

untreated dental diseases with preventive care, beneficial cost-
reduction outcomes on a hospital level would include a reduction
inemergency staff resources, pressure, services andwaiting times.
This would also lower the cost at state and national levels for

dental-related government spending on tertiary hospital care.
This study provides a foundation for a more significant

research project. Undertaking further prospective research with

a larger sample size, as well as a longer duration, has the potential
to provide a better understanding of the overall treatments
administered, as well as the cost-effectiveness of dental services

at PCH. Because the PCH data span broad treatments provided in
WA’s only tertiary hospital for children, other studies may
investigate the emergency treatments provided to children other
than DGA and the associated costs. Further investigations are

required to determine the cost to provide the same dental treat-
ments at private dental clinics with potentially both public- and
private-based funding to be able to offer cost comparisons for

future planning.

Conclusion

Untreated dental caries in children was the most common cause

for hospital admission. Predominant cases to present at the
emergency department were young children (,7 years old) and
those receiving extractions under GA. Not only doDCs remain a

burden on the health budget and theAustralian economy, but ICs
and intangible costs also affect children and their families. As a
result, having a better understanding of barriers to accessing

preventive dental care will be critical to potentially reducing the
financial burden on the Australian health system.
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